We have analytically solved the radial Schrödinger equation with inverted Woods-Saxon and Manning-Rosen Potentials. With the ansatz for the wave function, we obtain the generalized wave function and the negative energy spectrum for the system.
Introduction
The exact solutions of the Schrödinger wave equation (SWE) are very important because of the understanding of Physics that can only be brought by such solutions [1] [2] [3] [4] . These solutions are valuable tools in checking and improving models and numerical methods being introduced for solving complicated physical problems at least in some limiting cases [5] [6] . However, the exact solution of SWE for central potentials has generated much interest in recent years. These potentials in questions are the parabolic-like potential [7] [8] , the Eckart potential [4, 8, 9] , the Rosen-Morse potential [10] , the Fermi-step potential [4, 9] , the Scarf barrier [11] and the Morse potential [12] . Various methods exist that have been adopted for the solution of the above mentioned potential. One of such method is the analytical solution of the radial Schrödinger equation which is of high importance in nonrelativistic quantum mechanics; because the wave function contains all necessary information for full description of a quantum system [13] [14] [15] [16] [17] [18] [19] [20] . The SWE can be solved exactly for only few cases of potential for all n and l. 0 ≠ l , analytically [1, 7] , but Flugge [4] obtain an exact wave function and the energy eigen-values at 0 = l using graphical method. Woods-Saxon potential is one of the important short-range potential in Physics. The Woods-Saxon potential plays an essential role in microscopic physics, since it can be used to describe the interaction of a nuclear with a heavy nucleus [21] [22] [23] [24] [25] . Woods and Saxon introduced this potential to study elastic scattering of 20 MeV protons by a heavy nuclei [22] .
Recently, an alternative method known as the Nikiforov-Uvarov (NU) method [26] was proposed for solving SWE. Therefore, the solution of radial SWE for Woods-Saxon potential of 0 ≠ l using NU method has been reported in the literature [1] . The exact solution of SWE for the modified form of generalized Woods-Saxon potential for 0 ≠ l have been studied analytically [1, 27] .
In this article, we solve the radial SWE for the inverted Woods-Saxon and ManningRosen potential using the analytical method [1, [24] [25] 27 ] and obtain the energy eigenvalues and corresponding eigen function for arbitrary l-values.
Woods-Saxon, modified Woods-Saxon and the inverted Woods-Saxon and Manning-Rosen potentials
The Standard Woods-Saxon potential [1, 7, 22, 24, 27] is defined by where V 0 and V 1 are the nuclear depth, R 0 is the width of the potential and "a" is the surface thickness. This potential was used for description of interaction of a nucleon with a heavy nuclear. Pahlavani et al. [27] 
where V 0 , τ, μ and η are real parameters. Pahlavani et al. [27] in their paper noted that the third and fourth terms in Eq. (2) within the limit ( )
transformed to 1/r and 1/r 2 corresponding to the Colombian repulsive potential and its square respectively. We present in Fig. 1 and Fig. 2 the plots of the standard Woods-Saxon and the modified Woods-Saxon potentials as a function of r. Based on the argument of Pahlavani et al. [27] and without loss of generality, we write the inverted Woods-Saxon and Manning-Rosen potentials as 
Exact Solution of Inverted Woods-Saxon and Manning-Rosen Potential
The radial Schrödinger equation with Eq. (3) is 
We transform Eq. (6) into one dimension by making the transformation,
and this reduces Eq. (6) 
lead to Jacobi differential equation given as ( ) ( ) 
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On substitution of Eq. (15) into Eq. (14) yields [27, 28] ( )
Comparing Eq. (14) and Eq. (13) give . 3 (1) , 25-33 (2011) 31 The integral in the RHS of Eq. (18) can be solved by noting the expansion,
To first order correction, Eq. (18) (1) ( 1) ( ) (0)(1 ) (1 ) ln (1 ) ln (1 ) 
where the last term is the normalization constant. With Eqs. (5), (7), (11) and (24) 
is the normalization constant. The eigen value associated with the wave function is obtained using Eqs. (9), (14) and (16) 
Conclusion
We have used the analytical method to obtain the eigen function and the energy spectrum of the inverted Woods-Saxon and Manning-Rosen potential for 0 ≠ l , with an ansaltz for the wave function. We generalized the result to second order terms, and the first order term of the wave function reduces to the inverted form result reported in ref. [27] , while up to second order term gives the result reported in ref. [25] .
